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1 

ffl h^vv^v^^^T^NPNSl h^>'v^;^^^igib-r^ 
Yy^-fm Vyiyiy:^^t^:^\^^\^'^^tL^'^XWL\1^ 

[0 0 0 1 1 

©§r1»J*t-6tOtC, NPNM<?5 b^Vv?:^^^ PNPM 
[0 0 0 2] 

^EJaiC^-To ±^(7)NPNS h^^v^^^Q 1<?^^ 1-^ 

iJ^^f^SinR 1 (12 0Q) ^iftl.xm.My^ >E{zm 

D 1 ^^tXTS(7:>NPNM h^>v^:^^Q 2CD=i U^J^ 

l(7)Ty— Kfi±^NPNMb^>^v^^^5'Q 1 (^^^i^ ^ :y 

2(D=^lyi^ ^\cmm^^X\^^^o «ili^-r >^EiCNPN 

(2kQ) ^:fhLTS§gE$tV. ^(D:^^y^f)mm.R3 
(IkQ) :|r:/rLT^^^>- K^-f >'^:l^^^t^-tv^5o 
K^><yffl h^>v^^i5^Q 3<0=i i$^/&^±^N PNM 
h^vv^^^^Q 1 ::^tcg^^$tt. Vy^':/mVy 
l^^yy^ Q 3 CD^ 5: ^ /65-pg:N P NM h 7 >^^>^:^ Q 
2(D^—y^\z.W^^^x\^'^. h^y^ymhyi^i^^"^ 

7>^v^^^Q 2(Dr3 u^^^^m;':JiS^2^cSM^i^■cv^ 

5o v'3 :y h=3r-/<y ry-r^^— KD 1 f*. _h©NPN 
m Vyy'yy^^Q 1 T^NPNS^ Yy^y'yy^^ Q2 t 
75 ^ 0# } ;i o N -r -5 ^7) ^ ih 5 J6 o <^ ^ o 
[0 0 0 3] A;^«^ U-A;^$n/c:A;':?mEEViN^^D 

— U'^yUT* Vy^-ff^ h^^-v^^^^Q 3 ;iSO F F:KfliT* 
fe-Si:. ±^NPNS b^ Vv^^^^Q 1 fi. ^(D^—y^ 

5— -f^]<ivnmVy:y'iyy^^Q2<D^—y^\'tW^7i 

;OSoT. m:^S^2;6^b<7:^tH;^®ffiVouT MMy^ 
>^E(Dl;8r>miEVcc^lgj7LR 1 ^±^NPNSi h^^-v^ 



2) i|#BB5p6-2 6 8 4 5 5 

2 

[0 0 0 4] ±tEi(ii£J-A;^mffiViN^5/>^ U-<7UT* 

NPNS N^>'i/:^^Q 1 f^OF F ^/c^^— TSN 
PNM h^>'v^^^Q 2fi}g:iTCR 3(0[Si«®EEicJ:oT 
ONi:?:t^o L:^;05or. Hd;^mJ£VouT t^D-u-<yu 
m/EVouT-L t^i:^o 

[0 0 0 5] U'-</l-mffi VoUT-H ±^N P NM 

,^ j.^w-y^y 7^^^:^— KD l(7)|i|l*-f^mjEVF ••** 
.... (1) 

[0 0 0 6] /N>r l/^v'^mi^VoUT-H :fo^J:t/n — U^/U 
[0 0 0 7] mi!iaj£Vcc=3 Vi:r^o _b^NPNM 

h y i^-Jys ^ Q 1 (D^—y^ ^ iz.^y^ FflUffi Vbe= 0 . 

Vf=0. 4V<!::-r^i:> i^^/l/SffiVouT-H 
VoUT-H =Vcc-VbE-Vf = 3-0. 7-0. 4 
= 3- 1 . 1 = 1. 9 [V] (2) 
tfH^o ^^c. n — lx^yuaj£VouT-L T^NPN 

0. ^vt-r^t. 

VoUT-L =VcE=0. 3 [V] 

(3) 

30 [0 0 0 8] (2) ^t^hmht^^S:^0\^. /n^ U-</U 

®ffiVouT-H \^nmMJ£'Vcc\z.^^xmtir^o 

^^v^^Q 1 CO^-^ • ';/^rBl«i±VBE= 0. 7V 

_bT^f^NPN§ih^>'v^:^i5'Q 1. Q2(om^O 
N^Kib-r'5fcd?)0>>3 h ^^r— y T^-Y KD 1 
ol!l:6ri^mEEVF =0. 4 v<ir (DfPT'fe^o o^«9. 

VoUT-H = Vcc- 1 . 1 [V] 

(4) 

VoUT-H / Vcc= 1 - 1 . 1 /Vcc 

(5) 

[0 0 0 9] m^SmVcc=5 V(7)i:#^. Vcc=3 V 

[0010] Vcc= 5 V60i: # 
5^ VoUT-H=5V-l. 1V=3. 9 [V] 
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( 3 . 9^ 5) X 1 0 0 = 7 8 [%] 

(6) 

[0 0 11] Vcc= 3V(Dt^ 
VoUT-H=3V-l. 1V=1. 9 [V] 

( 1 . 9 -J- 3 ) X 1 0 0 ^ 6 3 [%] 10 
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[0 0 12] n — u^/ua:i£vouT-L a:MSiEVcc 

[0 0 13] Lfc^iSoT. iilELfct^§*«?iJt7:)>^:y'>.2.:7' 

[0 0 14] mMm)£ycc\zn^^y^^ u-<;vm^^v 

[0015] m4\t. i^a y h^—^<D T ¥ 4 KD 

I^NPNS h7>^v^^^Q 2;6^0Ni-§7tii:)(Cf^. jgfei 
R 3C0p]«l:ffi:iS/>/^< 1 1>0. 7Vi£^^^T*fc5o 

= 0. 7V<b-r6^. :L(oYy ^ymv=7>'yy-^ (^'^ 

1. 4 V;ii5i£^.M^?t5o ^rT% A;^m/iViN^l. 5 
V jeji±Pn:^]ni- ^ 4> <h -r 5 0 
[0016] YvA^mvy^^'yy^^ Q.'^iy^o^\^. 

3. ffistRs^^trmsft/^i^sKti^o ffii7LR3<7)pi$sm 

iEEf^O. 7V^?i<9. T^NPNM h V>v^:^^Q 2 
ONi-5o T^NPNSi h ^>'v^;^^Q 2 (7):3 ^ . 
:y^Psimi£VcE=0. 3 V /^|Sai;^«T- 2 {d^t t±S 

;^IIJEVouT — i/^/w^EEVouT-L ^>^f^o — 

^ ' :x.^^y^fi\m.J±VcE=0. 4VirLT. 0. 7V + 
0. 4V=1. IVtTi^o ±^NPNS h^V-v?:^^ 
Q 1 >^ • :y i5'rflfl:i3EVBE= 0. 7V. 3 >y 

h^— ry-r:t— KD i(7)iii:^f6]miEVF =0. 4 5^ 



0. SVXh^. 0. 7V+0. 4V+0. 3V=1. 
AVXh^f^^h. ±^NPNS h^^-i^^^^^Q K^'^— 
y'^mEE^^i. 1 Vt/.eoTt. iSNPNSK^^-v^^ 

[0 0 17] tL. v^g :y h^-^^y ri^'^r;^-- KD 1 
t^f^\^^b^^ts 0, 7V+0. 3V=1. OVCfoS 
t^h. ±©NPN^h^i^v^:^^Ql<J0^-^^5l. 1 
Vfc6<t. ±®NPNM h^>'v^-:^^Q 1 fiONt^figtC 
SebTL^V^, ±^ • Tg:c7)MNPN§i hy^'^^^^i^' 
Ql, Q 2;65(^^tCONi:;i^oTL^ 5o ^J^^:?^?. IW 
:l^f^mi±VF =0. 4 to->3 :y K^r— T^-r 
KDlfi. ±^ . T^<7)f^NPN® h^^v^^^Q 

Ql. Q2\z^n\z.i^^f^nmnMtmi^. snpnm 

b^^v^v^^Qi, Q 2;^|S55^S^n^^^S^ES±b-rv^ 
[0018] 

h^—y<Vry-(:t— KD 1 Sr?i<'t*r ^25S^^^t;i?So 

r < 5o 

[0 0 1 9] H5{i. V3 h:^-/<y r^-f :t-KD 
1 tr^*U. A;^mi£ViN=l. SVirLT K^-f^ffl 

-To Vy^ym b^v-v^^^^Q 3(7)ONi;iJ: ^^SfetR 3 
COf^SmiE^^O. TVtt^^fci^. TSNPN^h^^- 
v^;=^.<5'Q 2;iSON-r5o -^UT. ffi;'^«T-2{Cci — 

;uSEEVouT-L <tbro. 3V;iS*C6o K^-f 
}.^:/v^x^Q3icm5S2!)^?)ttti^^^i-J;^. K^ 

}.^>'i/;?;>$7Q3(7D:3U^^a;|£(l. 0. 7V + 
0. 4V=1. 1 V^?t^^, ±g:NPNSh7>^v^:^i5^ 
QKD^-:;^ ' :^^y^mmJ£VBE^O. 7V. T®N 
PNShy>'>^;^^Q2CO=2Ui^ ^^ffiJ^^O . 3 vxrfe 
0. 7V4-0. 3V=1. OVX^^t^h (i^ 3 y 

Vfi^^V^) . ±^NPNM h^>'v^:^^Q 1 ^7:>"< — ^ffi 
ffiTi^l. lV<J:/^5i:. -(7)hy>'v^;^i$^QlfiOFF 

PJNPNS h^V-v^^^^Q 1 , Q2^^m^\CON t^£^ 

[0 0 2 0] 3^±^4i:^5i:> ^co J: 5 ^-V^ 5> ^ <!: 



(4) 
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lb. fWNPNSi h^>v^:^^Q 1 , Q 2 ;6^[^^(cON ^ 
f^^t. PiNPNM h^>v^:^^Q 1, Q2{wi5EtL^®; 

[0 0 2 2] 

PN® h ^ :/v^:^^<^^ ^ ^ ^K^^i-^^^^ 
(D^u^ ^^mMy4 :y\cmmL. TSNPNSb^v 

tic. ±©NPNS1 b^>^v^:^^^lgl()"t'^±SK^-1' 
|. ^ vv^v!. ^ ^ TSN P NS h ^ >^ ^ i:mW}^ 

[0 0 2 3] 

0\z.miP^\^tL(^X\ ±SNPNM h7>v^;^^i:T^N 
vnmVyl^i^^^t(om%:>^B y h^— /^y r^^:^ 

[0 0 2 4] 

[^iSFJ] EAT. *^P^ic>pf.6y>;/>-n.>^yuMtii;^lH]3S 

HJE^il ?r El ® I- V > T iclft0>^ f 5 o 
[0 0 2 5] [lllt^m;^!^.^ bTNPNSlh^>'v^;^^ 

[0 0 2 6] ttl;^g:{Jl:fcV>T. ±g:60NPNS h 
:x^Q 1 Of7)z2 ^;^sS}7lR 1 1 (120Q) 



^Q2 0£O::iU^^;Sl5±SNPNMhvVv^:^^Ql 0 
C7)n:^ :y>5^lc:B:«^&^icS^^tt. T^NPN^h^V-v^ 
>^:^Q 2 0<^^^ y^t'^^y^yY'^^M^^'^-^^^^^ 

6o ±©npnS h7>^^^:^^Q 1 0(D^^ tT©: 
NPNS Yy^y^yy^^ Ql 2 0(0-=^^^ 9 t(DmW.M.t^^ 
^(H]5&(:i>P)-brffi^«iEVouT ^^ti-t^^^ti^^X 2 
{C^jgtStLTl/^^o ±gjNPNSh7^i^:^^Ql Oi: 
TSNPNM h^>'v^:^^Q 2 0 i:<^rB^t-f^. t^e^^'J^T) 

[0 0 2 7 ] P NSi h y >- v^^ Q 1 0 (0-<— ^ 

(iNPNM<^±^ K7>f h7 vv?;^^Q 3 1 (T:)::^ u 

^^{cmm^ti. ^(Dmm.^^nmmy^>'^\^ML^x^ 

fetR12 (3kQ) ^^LTSi^^tl. JiSK^^^ffl 
h^:/i^:=^^Q 3 1 (7)315: -/^fi^jfe$tt-CV>5o TI9: 

NPNS b^^^v^^^Q 2 OtO--^^— ^fiNPNSlcT^T^ 
Vy^-fm Vy^i^y^^Q 3 2(7:>:3i^ :y ^icSS^^^T 
v^^o z,o:>T^Vy^^mhyy'y:^^Q'^2<D^u^ 

'^^•^muKiz (2kQ) ^^urmai^^ >'Eicg^^ 

:yi5^fiS}5LR 14 (1 k Q) Sr^LXg!*^ 

ftNPNSco±g:Sim^ h7>v^::^^Q4 \ (0^u^ ^ 
tc^j^^ix. i^^^f^JS^R 1 5 (3kQ) ^tfr 

5o T^K^^^ffl b^>^i^^^Q3 2c^-<->^fiNP 

^<D=i u^j^^tmsiR 1 6 (3kQ) ^^L-cm 

1 t:iM^^tLTv>^« 

[0 0 2 8] JliJL±(7)J: 5t-1S^^tifc:7'>y v'^:/ 

; I- S tH ;^ IhI Sg CD a It ^ Ift 6 o 
[0 0 2 9] A;':?*^! 1 t^^;^P$:rt^A;^®ffiViN/i>^ 

0. 7 V£ilT<^n — U^yUT'fc^^'g^. r^MWffl b ^ >' 
v^>^^Q41, 4 2(it t>{COF Ft^^T-fo^o ®J^^ffl 
h ^ >'i^;^^Q 4 1 , 4 2;6^0FF#:flg'efc5<i:s fSJ K 
h7>'v^;^i5^Q 3 1 , Q 3 2 ,Jr t.iC-<-^«EE 

40 v!^^i^Q3 1 yS^ONtttfllT'^iT):^ ^^iE:^>n — 

/1-T'fe6fci6. ±SNPN® h^>^v^:^^Q 1 OfiOF 
F4^flii:^J^^o T^K^^^ffl h^>^^^^Q3 

2;5SON^^ffi-e^(7:>:3i^ ^y^^ffi^^^^^ U^/UT*feS/c 
a^), T^NPNSh^ Vv^;^^Q 2 OflONiKS^?^^ 
:5o t/3 >y h^^r— ^<y T^-f:^-- K:d5?'c^<rt. ±^ • 
T^i^PlNPNS h^:/i^^^Q 1 0, Q 2 0{i(plBt(;i 

fiON^(i/«eb7iv>o T©NPNMh^:/'::^;^i5^Q2 0 

OUT <ir LrT©NPNMh^Vv^^^Q2 0(50:='U^i5^ 



OUT-L t LXmti^^^o 
[0 0 3 0] Xtli^^l 1 {^imM^fi^Atimfi 

t. Pi K^^:/ffl h7>'v^^^Q 3 1 . Q32^t>l-^ 
— ^ffl;i£;65p — OF F ^^'c^^o ±.WtY=7-< 

Q 1 oflONiKfli^/c^^o -:^> T^K^^:/fflh^>' 

v?>^^Q 3 2z5^0F Ft>cfllT'^<7)Ji^ >;/ ^ n — U 

[0 0 3 1] ±^N PNSJ h^^v^^^Q 1 O;05ON#C 
fllT'fe^. T^NPNM h^^/v'^^^Q 2 0:050F F^^ 

t>h. miSai±Vcc= 3 ±^NPNMh^>'v' 
;j^.^Q 1 0<o^-;^ • ty^PflmffiVBE^O. 7Vt 
-r^o -^t:.. _h^NPNM h7:^v'^^Q 1 0O-<-;^ 

VoUT-H = Vcc-Vbe= 3 - 0 , 7 = 2. 3 [V] 
(8) 

(2. 3-^3) X 1 0 0^ 7 7 [%] 

(9) 

(6) ^-c^^tv7tmMSi£vcc^c^-r5>^^ 

^ u-<yumi£VouT-H <7)jJg:Ti^f'l'^'C^fc^ 7 8 [%] ^ 

tcioV>TmJ!i«ffiVcc= 3 Vi: L/ci: #{imaiSI±Vcc 
t:i>Pt-r6^^-l' ^^-^^'^^fiEVouT-H ^OffiTtT^^t'i'&fi (7) 

[0 0 3 2 ] L/^>L. :^^m(Dmmmxi^. wmm&v 

cc= 3 V ^ {&< LT t ±E(0 J; 5 (c||MS;±Vcci;i 

S • TS<Di^NPNS h^i^v^^^^Q 1 0, Q2 0^5|5] 
h^>^v^^^Q 1 0, Q2 O^^mt^h^M^^^ 

5 V ^ =lr ffl V ^ V ^ y ttl iHl K ^ Ir] ^ <7) 

3 V^maifO >^ :y -fjvm^tim^ t 1.x hfz-^ 



5) i(t||5|Z6 -2 6 8 4 5 5 

8 

[0 0 3 3] Sij{7)^l£^J.i: LT[gl2t;:?Fi-i: 9^«^lH]SS« 
^t^x.'bn^o C:rLf^. [§]l^^lHlK«^*-*5V^T^g:fi^ 
R12, R13. R15, R 1 6{C^^;t"CPNPM(^ H 
^>v^>^^Q51, Q52, Q53. Q54^fflV^6<Jr 
p N PMiT) h ^>v^^ ^ Q 5 5 irlSfetR 1 7 

(lOkQ) <^ ^ffisftsaa 1 0 t^mu\^ith<Dx^ 

60 r<D«^l-ct'9. SetRl 2. Rl 3. Rl 5. R 

1 6 h^>'>^:^^Q 3 1, Q32, Q41, Q 

10 4 2{z.mti^mm^mm\.x^^^o ±n^mm&n^^^x 

[0 0 3 4] 

[^P>^t7)?:5*] U±<^^O^C. ^^m\^^tli^^ -h^N 

ztf^<nyL\.xmmi-^X.o^cmji^l'ti<^X\ t^sy 
^ ar-/< y r K€:5t «9 I^V>T±^N P h v 

uMf}^hm,m^tix\^^fc5v^mM^m\^^fcyy'y 

[l2!®(7)S5^/c^t$iP^] 

h ^ > v> ;^ >^ 9 b ^ M L >^ 5^ V ^ m 
[112] *^0^<o55U(D*jffi^ytc^?.S'7'5/i>'^-:7'/^Sm;'7 

m K ^-riHi K -e 5 o 

[!13l Vk^m\^^^^\^1i^t\.XNY>^m.Vyi^'y^ 

[E14] iS5fefi?iJtC:ioV>T K^>f b7>'v^^^56SON 

L ^ to # 35 (t:) « ^ ^ 0 ^ H "^^ ^ o 
im 5] Se5t5^dtC^oV^TV^ y V^—^"^') K 

[^^-^(T^tftB.^] 
1 1 Xf}^=^ 

1 2 m:^^^s^ 

E masT-r >' 

Vcc mMMR 

50 ViN A;^ffi/£ 
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vouT tb;^m/E 

Q 1 0 ±^NPNM hy^iy^^ 

Q 2 0 T^NPNM hy>'iy:^^ 

Q3 1 ±® K7-ryffl hy>'i^^^ 
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Q 3 2 Vy^ym Yy y'yy^^ 

Q 4 1 h y vi^^ ^ 

Q4 2 T^SJ^ffl Vyl^'^yTs^ 
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0.7V*0AV=1.1V 
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-Q7V 
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Vb£=07V^ 
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